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18.0 Annexes

Annex A, C, and D describe recommended
procedures for meeting certain provisions in
sections 8.3, 10.4, and 10.5 of this method.
Annex B describes procedures to be followed
when using the protractor wheel and pointer
assembly to measure yaw angles, as provided
under section 8.9.1.

18.1 Annex A—Rotational Position Check.
The following are recommended procedures
that may be used to satisfy the rotational
position check requirements of section 8.3 of
this method and to determine the angle-
measuring device rotational offset (RADO).

18.1.1 Rotational position check with
probe outside stack. Where physical con-
straints at the sampling location allow full
assembly of the probe outside the stack and
insertion into the test port, the following
procedures should be performed before the
start of testing. Two angle-measuring de-
vices that meet the specifications in section
6.2.1 or 6.2.3 are required for the rotational
position check. An angle measuring device
whose position can be independently ad-
justed (e.g., by means of a set screw) after
being locked into position on the probe
sheath shall not be used for this check unless
the independent adjustment is set so that
the device performs exactly like a device
without the capability for independent ad-
justment. That is, when aligned on the probe
such a device must give the same reading as
a device that does not have the capability of
being independently adjusted. With the fully
assembled probe (including probe shaft ex-
tensions, if any) secured in a horizontal posi-
tion, affix one yaw angle-measuring device
to the probe sheath and lock it into position
on the reference scribe line specified in sec-
tion 6.1.5.1. Position the second angle-meas-
uring device using the procedure in section
18.1.1.1 or 18.1.1.2.

18.1.1.1 Marking procedure. The proce-
dures in this section should be performed at
each location on the fully assembled probe
where the yaw angle-measuring device will

be mounted during the velocity traverse.
Place the second yaw angle-measuring de-
vice on the main probe sheath (or extension)
at the position where a yaw angle will be
measured during the velocity traverse. Ad-
just the position of the second angle-meas-
uring device until it indicates the same
angle (±1°) as the reference device, and affix
the second device to the probe sheath (or ex-
tension). Record the angles indicated by the
two angle-measuring devices on a form simi-
lar to table 2G–2. In this position, the second
angle-measuring device is considered to be
properly positioned for yaw angle measure-
ment. Make a mark, no wider than 1.6mm
(1⁄16 in.), on the probe sheath (or extension),
such that the yaw angle-measuring device
can be re-affixed at this same properly
aligned position during the velocity tra-
verse.

18.1.1.2 Procedure for probe extensions
with scribe lines. If, during a velocity tra-
verse the angle-measuring device will be af-
fixed to a probe extension having a scribe
line as specified in section 6.1.5.2, the fol-
lowing procedure may be used to align the
extension’s scribe line with the reference
scribe line instead of marking the extension
as described in section 18.1.1.1. Attach the
probe extension to the main probe. Align and
lock the second angle-measuring device on
the probe extension’s scribe line. Then, ro-
tate the extension until both measuring de-
vices indicate the same angle (±1°). Lock the
extension at this rotational position. Record
the angles indicated by the two angle-meas-
uring devices on a form similar to table 2G–
2. An angle-measuring device may be aligned
at any position on this scribe line during the
velocity traverse, if the scribe line meets the
alignment specification in section 6.1.5.3.

18.1.1.3 Post-test rotational position
check. If the fully assembled probe includes
one or more extensions, the following check
should be performed immediately after the
completion of a velocity traverse. At the dis-
cretion of the tester, additional checks may
be conducted after completion of testing at
any sample port. Without altering the align-
ment of any of the components of the probe
assembly used in the velocity traverse, se-
cure the fully assembled probe in a hori-
zontal position. Affix an angle-measuring de-
vice at the reference scribe line specified in
section 6.1.5.1. Use the other angle-meas-
uring device to check the angle at each loca-
tion where the device was checked prior to
testing. Record the readings from the two
angle-measuring devices.

18.1.2 Rotational position check with
probe in stack. This section applies only to
probes that, due to physical constraints, can-
not be inserted into the test port as fully as-
sembled with all necessary extensions need-
ed to reach the inner-most traverse point(s).

18.1.2.1 Perform the out-of-stack proce-
dure in section 18.1.1 on the main probe and
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any attached extensions that will be ini-
tially inserted into the test port.

18.1.2.2 Use the following procedures to
perform additional rotational position
check(s) with the probe in the stack, each
time a probe extension is added. Two angle-
measuring devices are required. The first of
these is the device that was used to measure
yaw angles at the preceding traverse point,
left in its properly aligned measurement po-
sition. The second angle-measuring device is
positioned on the added probe extension. Use
the applicable procedures in section 18.1.1.1
or 18.1.1.2 to align, adjust, lock, and mark (if
necessary) the position of the second angle-
measuring device to within ±1° of the first
device. Record the readings of the two de-
vices on a form similar to Table 2G–2.

18.1.2.3 The procedure in section 18.1.2.2
should be performed at the first port where
measurements are taken. The procedure
should be repeated each time a probe exten-
sion is re-attached at a subsequent port, un-
less the probe extensions are designed to be
locked into a mechanically fixed rotational
position (e.g., through use of interlocking
grooves), which can be reproduced from port
to port as specified in section 8.3.5.2.

18.2 Annex B—Angle Measurement Pro-
tocol for Protractor Wheel and Pointer De-
vice. The following procedure shall be used
when a protractor wheel and pointer assem-
bly, such as the one described in section 6.2.2
and illustrated in Figure 2G–5 is used to
measure the yaw angle of flow. With each
move to a new traverse point, unlock, re-
align, and re-lock the probe, angle-pointer
collar, and protractor wheel to each other.
At each such move, particular attention is
required to ensure that the scribe line on the
angle pointer collar is either aligned with
the reference scribe line on the main probe
sheath or is at the rotational offset position
established under section 8.3.1. The proce-
dure consists of the following steps:

18.2.1 Affix a protractor wheel to the
entry port for the test probe in the stack or
duct.

18.2.2 Orient the protractor wheel so that
the 0° mark corresponds to the longitudinal
axis of the stack or duct. For stacks, vertical
ducts, or ports on the side of horizontal
ducts, use a digital inclinometer meeting the
specifications in section 6.2.1 to locate the 0°
orientation. For ports on the top or bottom
of horizontal ducts, identify the longitudinal
axis at each test port and permanently mark
the duct to indicate the 0° orientation. Once
the protractor wheel is properly aligned,
lock it into position on the test port.

18.2.3 Move the pointer assembly along
the probe sheath to the position needed to
take measurements at the first traverse
point. Align the scribe line on the pointer
collar with the reference scribe line or at the
rotational offset position established under
section 8.3.1. Maintaining this rotational

alignment, lock the pointer device onto the
probe sheath. Insert the probe into the entry
port to the depth needed to take measure-
ments at the first traverse point.

18.2.4 Perform the yaw angle determina-
tion as specified in sections 8.9.3 and 8.9.4
and record the angle as shown by the pointer
on the protractor wheel. Then, take velocity
pressure and temperature measurements in
accordance with the procedure in section
8.9.5. Perform the alignment check described
in section 8.9.6.

18.2.5 After taking velocity pressure
measurements at that traverse point, unlock
the probe from the collar and slide the probe
through the collar to the depth needed to
reach the next traverse point.

18.2.6 Align the scribe line on the pointer
collar with the reference scribe line on the
main probe or at the rotational offset posi-
tion established under section 8.3.1. Lock the
collar onto the probe.

18.2.7 Repeat the steps in sections 18.2.4
through 18.2.6 at the remaining traverse
points accessed from the current stack or
duct entry port.

18.2.8 After completing the measurement
at the last traverse point accessed from a
port, verify that the orientation of the pro-
tractor wheel on the test port has not
changed over the course of the traverse at
that port. For stacks, vertical ducts, or ports
on the side of horizontal ducts, use a digital
inclinometer meeting the specifications in
section 6.2.1 to check the rotational position
of the 0° mark on the protractor wheel. For
ports on the top or bottom of horizontal
ducts, observe the alignment of the angle
wheel 0° mark relative to the permanent 0°
mark on the duct at that test port. If these
observed comparisons exceed ±2° of 0°, all
angle and pressure measurements taken at
that port since the protractor wheel was last
locked into position on the port shall be re-
peated.

18.2.9 Move to the next stack or duct
entry port and repeat the steps in sections
18.2.1 through 18.2.8.

18.3 Annex C—Guideline for Reference
Scribe Line Placement. Use of the following
guideline is recommended to satisfy the re-
quirements of section 10.4 of this method.
The rotational position of the reference
scribe line should be either 90° or 180° from
the probe’s impact pressure port. For Type-
S probes, place separate scribe lines, on op-
posite sides of the probe sheath, if both the
A and B sides of the pitot tube are to be used
for yaw angle measurements.

18.4 Annex D—Determination of Ref-
erence Scribe Line Rotational Offset. The
following procedures are recommended for
determining the magnitude and sign of a
probe’s reference scribe line rotational off-
set, RSLO. Separate procedures are provided
for two types of angle-measuring devices:
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